We carried out a deep wide-angle seismic experiment using a large airgun array and 110 ocean bottom seismographs (OBSs) along the Ogasawara Ridge from 26 November 2007 to December 25 (KY07-15 cruise) using R/V Kaiyo of the Japan Agency for Marine-Earth Science and Technology (JAMSTEC). The Ogasawara Ridge is an extinct arc that was produced in Eocene period. In addition, this arc collided with the Ogasawara Plateau and this event is expected to have severely deformed the crust.
Introduction
The Ogasawara Ridge crust is famous since it is an Eocene arc composed of boninitic materials (e.g., Ishizuka et al., 2006) . The Eocene initial arc is located along the forearc region of the Izu-Ogasawara-Mariana arc, according to tectonic history (e.g., Karig and Moore, 1975; Hall et al., 1995; Macpherson and Hall, 2001; Honza and Fujioka, 2004) . The frontal arc in the Mariana region, including Saipan and Guam, has been produced since the Eocene period; however, it is composed of not only an Eocene arc but also a Miocene one (Crawford et al., 1981) . The Ogasawara Ridge is a purely Eocene arc and it is not contaminated by Miocene and current volcanisms (e.g., Honza and Fujioka, 2004) . The ridge is therefore the best target that can be used to characterize the Eocene arc crust.
Determining the crustal structure of the Ogasawara Ridge is also important in understanding the crustal growth of the Izu-Ogasawara arc. The IzuOgasawara arc, which is a typical oceanic island arc with an andesitic middle crust with a P-wave velocity of 6 km/s, has been produced since the Eocene period.
Two scenarios for the crustal growth in this region are proposed: one is that the current arc growth originated from basaltic primary magmas and the other is that an old initial arc in the Eocene period originated from the andesitic magmas. It is suggested that the crustal production rate in the Eocene period is several times that of the current arc volcanism (Stern and Bloomer, 1992) ; therefore, crustal growth in this region cannot be discussed without reference to Eocene volcanism.
The Eocene arc crust is composed of three layers, an upper crust with a velocity of 5.9-6.2 km/s, a middle crust with a higher velocity of 6.4-6.6 km/s and a lower crust with a velocity of 6.8-7.4 km/s (Takahashi et al., submitted) .
These velocities of the crustal layers are greater than those of the layer beneath the current volcanic front. This suggests that these crustal layers of the Eocene arc contain materials denser and more mafic materials than those beneath the volcanic front and that the Eocene arc includes considerably undifferentiated materials. Kodaira et al. (2007) indicated that the current volcanic arc exhibits remarkable along-arc velocity variations, suggesting that it differs in its stage of crustal growth between the northern and southern Izu-Ogasawara arcs.
However, the structural characteristics of the whole Eocene arc crust, including the velocity variations along the arc, remain still not understood yet due to the small number of seismic experiments conducted in the region.
The Ogasawara Ridge abruptly reduces in altitude at 26°, and this could be due to deformation by collision with the Ogasawara Plateau. An alternative explanation for this reduction is that the Ogasawara Plateau might have subducted beneath the Ogasawara Ridge, resulting in the erosion of the base of the Ogasawara Ridge crust. The relationship between the Ogasawara Ridge and the plateau remains unknown.
The southern elongation of the Ogasawara Ridge also remains unknown. Fujioka et al. (2005) proposed that the Hahajima Seamount on the trench slope break of the Izu-Ogasawara Trench is a tectonic block and that it originated through the movement of the crustal block to the trench side due to the Parece Vela Basin opening. Based on this scenario, the southern elongation might have a crust similar to that of the oceanic crust, and it might exhibit drastic changes in crustal characteristics with respect to those for the Ogasawara Ridge.
The northern elongation of the Ogasawara Ridge has also remained an issue to be resolved. The Eocene arc developed with a large crustal production rate within about 10 Ma (Stern and Bloomer, 1992; Ishizuka et al., 2006) , and the development is indispensable to subduction of the relatively warmer crust (e.g. Tatsumi, 2000) . Therefore, the distribution of the northern end of the Eocene arc might lead to an understanding of the geologic environment of the subduction. Beneath the forearc region of the northern Izu arc, a middle crust with higher velocity of 6.0-6.5 km/s than that beneath the volcanic front was detected using a wideangle seismic study (Takahashi et al., 1998) , however, continuity of the crust with a high-velocity middle crust beneath the Izu forearc region north of the Ogasawara Ridge has remained ambiguous.
Here, we identify three scientific objectives to be resolved considering the abovementioned issues:
(1) crustal characterization and structural variation along the Eocene arc,
(2) detection of the drastic change or crustal deformation at the southern elongation of the Eocene arc crust, and (3) the northern elongation of the Eocene arc.
To achieve these objectives, we carried out deep seismic profiling with 110 OBSs, a large airgun array, and a 12-channel streamer along a line on the Ogasawara Ridge rending N-S. In addition, other seismic reflection surveys using a 16-channel hydrophone streamer were conducted at the elongation of the Ogasawara Ridge.
Experiment
We performed a wide-angle seismic profiling along the Ogasawara Ridge using 110 ocean bottom seismographs (OBSs), a large airgun array with a capacity of 12,000 cu. in., and a 12-channel analogue streamer ( Figure 1 ). The period of this cruise using the R/V and conducted a multichannel seismic (MCS) survey using a G-gun array and a 16-channel streamer, as summarized in Table 1 and Figure 2 . Finally, we arrived at JAMSTEC on 25 December.
Kaiyo

Wide-angle refraction survey
We deployed 110 OBSs on the seismic line with a capacity of 1,500 cu. in. each. These guns were shot with the same timing within 1 ms. The gun depth was 10 m. We measured the shot times with an accuracy of 1 ns using a TrueTime system (TrueTime GPS time and frequency receiver, MODEL XL-AK). The air pressure imparted to the chamber was 2,000 psi. The geometry of the seismic experiment shown in Figure 4 is almost the same as that used in previous studies (e.g., Takahashi et al., 2003; Kaiho et al., 2005) .
We retrieved 109 OBSs and lost one OBS were continuously stored in their original format on a hard disk (Shinohara et al., 1993) . Because these OBSs were deployed by free fall from the sea surface (Kanazawa and Shiobara, 1994) , we measured their locations at the sea bottom using an acoustic receiver array with 16 components in total. Model 5000). The recording system is the same as in previous studies (Takahashi et al., 2003) . Digitized data is stored on DLT tape with a length of 13.5 s.
We used two differential global positioning systems (DGPSs): a Starfire system with a sampling interval of 1 s and a Skyfix system with a sampling interval of 4 s. The former was adopted as the main navigation system to control the gun shooting and the start of recording. During gun shooting, the variation was less than 10 cm and the position dilution of precision (PDOP) value was less than five. The number of GPS satellites was more than four, although satellites with an elevation of less than 10°were not used.
The latter system, which was adopted as the vessel navigation system, was used as a secondary backup navigation system for the seismic experiment. The base station of the Skyfix was Okinawa, Japan.
Multichannel reflection survey
We also conducted an MCS survey using a G-gun array with a total capacity of 600 cu. in. in the forearc region of the northern Izu arc to achieve the following two major objectives ( Figure 3 ). One was to understand the large-scale structure around the forearc region; the other was to determine the structure of sediments and the basement.
The large-scale structure around the forearc region, determined as the first objective, has remained an issue to be resolved. The forearc region includes many types of crustal structures. In addition, the elongation of the Eocene In addition, we were yet to determine the fine structure of the sediments and the basement. JAMSTEC repeatedly recorded MCS data for the forearc region. However, the airgun array used as the source had a total capacity of 12,000 cu. in. and it was tuned for relatively deep structures.
Although we planned another seismic experiment to obtain high resolution images and set eight seismic lines with a length of 100 km and an interval of 3 km, the seismic lines we finally considered were IBM2_ew5, IBM2_ew8, and IBM2_ew9.
We adopted the G-gun array (Sercel Inc., G. The specifications of the hydrophone streamer are similar to those described in section 2.1. We selected a 16-channel stremaer to improve the resolution of the velocity analysis and set the depth of the streamer during shooting to 5 m so as to fit the properties of the source waveform for high-resolution imaging. The streamer depth was controlled within ±2 m by four cable levelers. The record length was 10 s and the sampling interval was 1 ms.
Data
In 
Longitude ( Ridge, Site62 in the southern part of the Ogasawara Ridge, and Site87 to the west of the zone of collision with the Ogasawara Plateau, as well as the horizontal components of Site60 are described in section 3.1. MCS data are described in section 3.2.
OBS
We retrieved 109 OBSs, and we were unable to retrieve one OBS due to problems with the transponder system. The data quality of the available OBSs was essentially good and we could trace the first phases on the vertical records up to a distance of 100-150 km from each OBS. The horizontal records also showed good quality despite having a poorer S/N ratio than the vertical ones. We saw converted S arrivals until a distance of about 100 km from the OBS. We describe the characteristics of the OBS data using the vertical record sections of Site5 ( for airgun shooting and 120 ms for G-gun shooting), brute stacking with constant velocity of 1,500 m/s, and stolt migration using the constant velocity. For the reflection data along line OGr1_obs, we set bins with sizes of 62.5 m due to the sparse shot interval.
On the northernmost side (CMP: 0-3,000), there exist three gentle topographic highs at CMPs of 450, 1,500, and 2,850, and these correspond to en-echelon structures with a NNE-SSW strike (Figure 1 (Figure 13 ). The maximum thickness of the sediments at CDP 7,000-6,800 is approximately 2.5 s.
Deepening of the basement is identified as being similar to that in the case of line IBM2_ew_9 at CDP 6,900.
Summary
We carried out the large active seismic experiments using 110 OBSs, a large airgun array with a total capacity of 12,000 cu. in., and a 12-channel hydrophone streamer.
The qualities of OBS and MCS data were good enough to understand the velocity structure and to discuss the crustal growth in this area. The OBSs recorded clear phases at offsets of 150-200 km from each OBS. A part of the horizontal components of OBSs was also good and the converted Swaves could be recorded at offsets of over 100 km. The MCS data indicate the variation of the sedimentary structures, the topography of the basement, and the configuration of the faults that developed within the rift zone. We will construct a velocity model and investigate structural variation that suggests crustal heterogeneity due to difference in age. In addition, we will study the relationship between the crustal growth and the crustal rifting. 
